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'[Document Title] SPECIFICATION 

[Title of the Invention] :LAMTNATE AMD PROCESS :FQ.R PRODUCING 
THE :SAME 
[Eaten t claims] 

[Claim 1] A laminate, comprising: a polymer substrate 
comprising a :oycli zed rubber ;which is a con j ugated diene polymer 
cycii?ed product or a derivative thereof., and a than film 
laminated on the surface of the polymer substrate by a. dry 
film-forming method . 

[Claim 2] The laminate according to claim 1, •wherein, the 
derivative of the conjugated diene polymer cyc.3 i zed product is 
a compound produced by introducing a polar group into the 
conjugated", diene polymer cygiigsed product by a :modifying 
reaction using a polar-grpup-containing compound.. 
[Claim 3] A process for producing a laminate ;/ comprising the 
step of laminating a thin film, on a surface of a polymer 
substrate produced by incorporating a conjugated diene polymer 
cyclized : product or a derivative thereof by a dry film-forming 
method . 
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[Detailed Explanation of the Invention] 

£0.00.1] 

[Field of the In vent ion] 

The present invention, .relates to 'a laminate and a process 
for producing the same, .more, specifically, a laminate which is 
good in adhesiveness between its substrate and its. thin film 
laminated, thereon toy a dry fx lm- forming method such as a chemical 
vapor growth method or. a vacuum evaporation method- even if the 
substrate is a. polymer substrate made of a noripoiar polymer; 
and a process for producing the same. 
[ O0D2] 

:{ : Prior art] 

Hitherto., metal vapor deposited products , in which -metal 
is vapor-deposited on plastic products, have widely been used 
as food containers and others- since, they have good decorative 
property, gas. barrier property and. light blocking .property, and. 
laminate films each obtained by vapor-depositing a silicon oxide 
film on a plastic film have been used for wrapping materials 
and- others that have transparency and a high gas barrier 
property. 

However, when they are made using, as a starting material 
thereof, a nonpoiar polymer such as polypropylene resin or 
polyethylene resin, there arise problems that the adhesiveness 
between the polymer and . a thin film vapor-deposited thereon is 
poor and the film is easily peeled., 
[000.3] 

In order to solve such problems., there is known a method 
of subjecting a plastic molded body or plastic film surface to 
physically surface-roughening treatment by corona discharge, 
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■flame radiation, radioactive ray. radiation cr the like, and using 
.anchor effect ..based on this treatment to. improve the 
adhesiveness of the roughened surface to a thin film 
vapor-deposited. There is also 'known a method of applying a 
ipoiar polymer such as polyester resin or polyamide resin onto- 
the roughened surface. and then vapor-depositing a metal thereon. 
However, even if such methods are used, the adhesiveness of the 
vapor-deposited thin film is insufficient. 
[0004] 

■Suggested is ..also a method of incorporating an additive 
into "a plastic material, thereby improving the adhesiveness of 
the plastic to the film vapor -deposited thereon. Examples 
theredf include .a method of incorporating, into polypropylene,, 
.a maieic anhydride modified polypropylene in which maleic 
anhydride is graf t-polymerized { Patent document 1} , and a. method 
of incorporating magnesium oxide and magnesium silicate into 

a crystalline pr opy iene-a-ole f in copolymer (Patent Document 
2) . 

{.0005] 

[Patent Document 1.1 .Japanese Patent Application 
Laid-open { J.P-A) No. 50-614.69 

I Patent Document 2] JP-£ Bo. 8 -10 4 97? 

[00061 

[Problems to be solved by the Invention! 

In light of the above-mentioned situations, the present 
invention has been, made, and an object thereof is to provide 
a laminate which is good in adhesiveness between its substrate 
and its thin film laminated thereon by a dry film- forming method 
such as a chemical vapor growth method or a vacuum, evaporation 



method even, if the- substrate is. a polymer substrate .made of a 
aonpolar polymer,, and a process for producing the same. 
LP 00 7] 

[Means for solving the problem] 

.The inventors have .repeated eager researches to solve the 
above-mentioned, problems, so as to find out that the. 
adhesiveness between a polymer substrate and a thin film thereon 
■by a. dry film- forming method can be remarkably improved by 
incorporating a cyclized rubber in the polymer substrate. 
Based on. this finding, the present invention has been 
accomplished. 
.[•0:0.08] 

: Accordingly, according to the present invention, the 
following Invention aspects "1 to 3" are provided:: 
■1. A laminate comprising: a polymer :subs trace comprising a 
cyclized rubber which, is a conjugated diene polymer cyclized 
product or a derivative thereof : and a thin film .laminated on 
the surface of the polymer substrate by a dry film-forming 
method. 

•2,. The laminate in which the derivative of the conjugated 
diene polymer cyclized product is a. compound produced by 
introducing a polar group Into the conjugated .diene polymer 
cyclized. product by- a modifying -reaction using :a 
pd 1 a r- group- containing compound, 

3, h process for producing a laminate/ comprising the step 
of laminating a thin film, on a surface of a polymer substrate 
produced by incorporating a conjugated diene polymer cyclized 
product or a .derivative thereof into a polymer-molding mater i a I, 
by .a dry film-- forming method-. 



[000.9] 

[Modes for Carrying Out the Invention;] 

Hereinafter., the present invention will be explained in 
detail . 

The : laminate of the present invention is characterized 
'by- comprising: a polymer substrate comprising ..a cyclized. rubber 
which is a conjugated diene polymer cyclized product or a 
derivative, thereof.,, and a thin film laminated on the surface 
of the polymer substrate by a dry film-forming method. 
[0(3.103 

The cyciiaatipn ;ratio of the cyclized rubber used, in the 
■present invention is usually 10% or more, preferably from. 40 
to 95%, more preferably from 60 to 90% . When the cyclization 
ratio is within this range., the property for improving the' 
adhesiveness of the thin film becomes good.. 

The cyclization ratio is the following value : at each of 
times- before and after cyclization reaction of the conjugated 
diene polymer, the peak area of protons originating from the 
double bonds: therein is measured by proton NMR analysis; the 
percentage of the double bonds -remaining in the cyclized : product. 
is obtained, by regarding the area before the cyclization 
.reaction .as 100; and a value represented by the calculation 
equation = (10.0 - the percentage of the double bonds remaining 
in the cyclized product.) is calculated. 

m n.] 

The weight-average: molecular weight of the cyclized 
rubber is a value measured by GPC (the value being a value in 
terms of standard polystyrene),, and is usually .from 1, 000. to 
1, 0:00., 000, preferably from 10, 000 to 500, 000, more preferably 



from. 30,00.0 to 30G> 00:0 . if the weight-ayerage:mote.cular weight 
C'Mh) of the .pyjc.li.zed rubber is too small, the .adhesiveness of 
"the thin film tends to lower. Conversely, if the weight -average 
.molecular weight (Mw.) is. too large, a primer layer having a 
uniform film thickness tends not to be easily formed. 
[001.2] 

The glass transition temperature (Tg) of the cycliz<ed 
rubber is not particularly limited,, and pan bo appropriately 
selected in accordance with the use purpose. The Tg is usually 
from -50 to 20:0 °C, preferably "from 0 to 100°C, more preferably 
from 20 to 90°C, in particular preferably from 30 to 7Q e C... It 
the Tg of the cyclized rubber is over these ranges,, a problem 
about the handle -ability thereof may be caused, 
[0013] 

The .cycli.2at.ipn degree (n) of the cyclized ..rubber, that 
is, the linking of the rings is usually in the range of 1 to 
3,- The amount : of gel in. the cyclized rubber ±5 usually 10% or 
less by weight, preferably .51 or less by weight.. It. is 
.particularly preferred that the cyclized rubber is. a cyclized 
rubber which, does not substantially have any gel. If the gel 
amount is large, the. surface smoothness of the polymer substrate 
comprising the cyclized rubber .may lower, or the. adhesiveness 
of the thin film may deteriorate. 
[00111 

The conjugated diene" polymer cyclized product is a product 
obtained by ( 00) polymerizing a conjugated diene monomer, or a 
conjugated diene monomer and another monomer co.po i yme r i z a b 1 e 
with the conjugated diene monomer to produce a conjugated diene 
polymer, and then cyclizing the polymer in the presence of an 
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acid catalyst, 
.[0015] 

Examples of the conjugated diene monomer include 

1.3 - butadiene, isoprene, 2 , 3 - d i me t h y 1 - 1 , 3 ~ b u t a d i e n e , 
2 -phenyl -1, 3 -butadiene, 1, 3-pentadie,ne, 
2-methyl-l, 3-pentadiene.> .1, 3-hexadlene, 

4-, 5-di:ethyl-l,:3-octadiene, and S-batyl-l , 3^octadiene , These 
monomers :;may be. used alone .or in combination of two or more 
thereof. 
(00161 

Examples of the monomer copo 1 yme r i z a b 1 e with the 
conjugated diene .monomer include aromatic vinyl monomers such 
as styrene, o-methyistyrene, p-methyi styrene , m-methy I styrene , 

2.4- dimethy:lstyrene, ethylstyrene, p-tert-butylstyrene, 
oc-methyl styrene, a-methyl-p-methyistyrene, o-chlorostyrenc., 
m - <.: h 1 or os t y r en e , p - ch 1 o r. o s t y r ene , p -b r om o sty r e n e , 
2-methyl-l , 4 -dichloarostyrene , 2, 4 -dibrcmos ty rene, and 
vinyl-naphthalene; linear olefin monomers such as ethylene > 
propylene and 1 -but ene; cyclic olefin monomers such as 
cyclopentene and 2-norbornene; non-conjugated diene monomers 
such as 1/5-hexadiene, 1 , le-heptadiene^ 1, 7-octadiene, 

d i eye 1 ope n t adiene , and. 5-ethylidene-2-norbornene; 
(me t.h) acrylic acid esters such as methyl (meth) aery late., and 
.ethyl (meth} acryiate; { meth) acrylon it rile; and 
(meth) acryiamide. These may be used alone or in combination 
of two or more thereof . 
[0017] 

The content of the conjugated diene monomer units in the 
conjugated diene polymer is appropriately selected as long a? 
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the advantageous effects of the present inventipn are riot 
damaged, and Is usually- 40% .or more by MP±e? prefer ably 60% or 
more by mole, more preferably 80% or more by mole , If this 
content is snail, the cyclization ratio is not easily :made high. 
Thus, the expected ef fect , of improving the physical properties 
tends not to be easily obtained, 
C0018 j 

It is advisable that the. polymerizing method for the 
conjugated diene polymer is in accordance with a usual method. 
For example,, the polymerization is conducted by solution 
polymerization or emulsion polymerization using a catalyst 
.knbwn.in the prior art.,- such as a Z:iegler polymerization ca talyst 
containing titanium or the like as a catalyst component, an 
a iky 1 lithium polymerization catalyst., .or a radical 
polymer i zation catalyst . 
10019] 

Specific- examples of t he. cdnjuga ted diene polymer include, 
natural rubber (.NR) , :styr«me -butadiene rubber (S3R) , 
po.lyisopr.ene rubber ( IR) , poly butadiene rubber (BR) , 
isoprene-isobutylene copolymerized rubber (.lift)., 
ethylene-propylene- diene copolymerized rubber, and 
;butadiene-i.soprene copolymerized rubber (B1R) . Of these, 
polyisoprenc rubber (TR) and poly butadiene rubber (BR) are 
preferred. 
[0020] 

Usually, the cyclization .of the con jugated, diene polymer 
is conducted by dissolving the conjugated diene polymer into 
a hydrocarbon solvent and then causing the polymer to react, in 
the presence of an acid catalyst . 
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The acid catalyst, may be an acid catalyst that is 
.ordinarily used for cyclization reaction, and examples thereof 
include sulfuric acid; ..organic sulfonic acid compounds., such 
as organic sulfonic acids such as fiuoxomethanesulf on,i,c acid, 
d if 1: up r ome t han c s u.i £ on i c acid, p-toluenesulfonic acid, 
•anhydrides thereof, and alkyi esters, thereof; and. metal halides 
such as t r i f .1 u:q r.obo r on,, trichlproboron, tetraehlorotin, 
tetrach iorot i tanium, aluminum •chloride, diethylalurninum 
monochlori de, ethyl ammonium chloride, aluminum bromide:, 
antimony pen t a c h 1 o ride, tungsten hexachloride, and iron 
chloride... These acid catalysts imay be. used alone or in 
combination of two or more thereof. Of these,, organic sulfonic 
acid compounds are preferred, and p-toiuenesulfonic. acid is mo re- 
prefer red. 
[0021] 

The used. amount of the. acid catalyst is usually from 0. 05 
to TO parts by weight., preferably f rom 0.1 to 5 parts by weight, 
more preferably from 0.3 to 2 parts by weight for 100 parts by 
weight of the conjugated dien.e polymer. 
1 0022 j 

The hydrocarbon solvent used in the reaction is not 
limited to any especial kind if the solvent does not hinder the 
cyclization reaction . Examples thereof include aromatic 
hydrocarbons such as. benzene, toluene, xylene, and. 
ethylbenzene; aliphatic hydrocarbons such as n-pehf ar.e, 
n-hexane, n-heptane, and n- octane; and alicyclic. hydrocarbons 
such as cy.clp.penta.fte and cyclohexane . Of these, :Soivents 
having a : boiling point of 70°C or higher are preferred. The 
solvent used in the polymerization reaction far the conjugated 
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diene polymer can be used as it is. In this case., the acid 
catalyst is added to the polymerization react ion solution in 
which the polymerisation has been ended. 

The used amount of the solvent is in such a range that 
the concentration of solid contents of the conjugated diene 
polymer is usually from 5 to 60% by weight., preferably from :20 
to. A 0 % by weight . 
[0023] 

The eyel iza.fi on reaction .can be conducted under any one 
of applied pressure, reduced pressure, and atmospheric pressure 
The reaction is desirably conducted under atmospheric pressure 
from the. viewpoint of easiness of operation therefor . When the 
reaction is conducted in dry gas flow., in particular in the 
atmosphere of dry nitrogen or dry argon., side ■reactions 
originating from water content can be ..restrained.. 

It is advisable to decide the reaction, temperature or the 
reaction time, in accordance with a :usual method, The reaction 
temperature is usually from 50 to 150% preferably from 810 to 
110 O G> and the reaction time is usually from 0,5 to 10 hours, 
preferably from 2 to 5 hours, 
[0024] 

Usually,, the thus-obtained conjugated .diene polymer' 
cyclized product is obtained as. a. solid by inactivating the 
cycli 2 ir:g catalyst, removing the residue of the cyclizing 
catalyst and removing the inactive solvent in a usual way. 
[0.025] 

It is possible to use, as the derivative of the conjugated 
diene polymer cyclized product , a compound produced by 
introducing a polar group into the conjugated diene polymer. 
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cypiized product by a modifying reaction using a 
ppia r -group-containing compound. 

:[0 : Q26j 

The polar -group- containing compound, which is Used in the 
•modifying reaction, is not. limited to any especial kind if the 
compound is. a compound capable of introducing a polar group into 
the conjugated dlene polymer cyciized product . Examples 
thereof include eth.ylenic- unsaturated compounds having a polar 
group such as an acid anhydride./ carboxyi, hydroxy 1, thiol, 
ester, epoxy, amino, amide, cyano or silyl group, or a halogen. 

The polar group is preferably an acid. anhydride, carboxyi, 
hydroxy!, ester, epoxy or amino group, and is more preferably 
an acid anhydride, carboxyi or hydroxy! group since the group 
is good in ef fect of improving the adhesiveness of the thin film. 

[0:0.27] 

Examples of the compound having an. acid anhydride or 
carboxyi group include maleic anhydride, itaoonic anhydride., 
■aconitlc anhydride, norbornenedicarboxylic anhydride, acrylic 
acldi, ipethacryiiG acid, and maleic acid,. Of these, maleic 
anhydride is preferably used from the viewpoint of reactivity 
and economy . 
.[00.2.8] 

Examples of the compound containing a hydroxy! group 
include hydroxyalkyi esters of an unsaturated acid, such, as 
2-hydroxyethyi tmW) aery late and 2-hydroxypropyl 
{meth) acrylate.; unsaturated : ac id amides ha ving a hydroxy! group, 
such as M-methyloi (meth; acrylamide, and 

N- (. 2-hydroxyethyi ) (rneth ) acrylamide; polyalkylenc glycol 
mono-esters .of an unsaturated acid, such as polyethylene glycol 
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:mone .(meth) acrylate., polypropylene .glycol mono (meth ) acrylate, 
and poly {ethylene glycol -propylene glycol) 

mono (meth:) a cry late;; and polyhydric alcohol monoesters : .of an, 
■unsaturated acid. such, as glycerol mono (meth) aery late . .Of these,, 
hydroxy alky-1 esters of an unsaturated acid are preferred, and 
.2-hydroxyethyl acrylate and 2-hydrQxyethyl methacrylate are 
more preferred. 
[0029;] 

. Examples :of the et.hylenic unsaturated compound having 
some, o.ther polar group .include methyl (meth) acrylate/ ethyl 
{meth) acrylate, butyl (meth) acrylate , glycidyl (meth) acrylate, 
dirnethylaminoethyl (meth) acrylate, dimethylamincpropyl 
(meth) acrylate, ( me th ) a cry lam i de , and (meth) acrylon.it rile . 
[0030] 

The method for introducing the polar-gro.up-containing 
compound into the conjugated diene polymer cyclized product is 
not particularly limited;. In the case of adding an et.hylenic 
unsaturated, compound thereto, at is m general advisable to-. 
conduct the introduction in accordance with a known reaction 
called ene-addition ..reaction -or graft polymerization reaction . 

This addition reaction is conducted by causing the 
conjugated diene polymer cyclized product to react with the 
pOlar-group-cantaining compound optionally in the presence of 
3 radical generator. Examples of the radical generator include 
peroxides such as di-tert-butylperoxide, d i cumy Ipe r ox i de , 
benzoyiper oxide., tert-butylperoxide benzoate, methyl ethyl 
ketone peroxide; and azonitriles such as dimethyl 
2,2' -azobis (2 : -meth : ylpropiona.te;5 . 
[00.31] 
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•the addition reaction may-be conducted in a solid phase 
state or in a solution state. The reaction is preferably 
.conducted in a solution state .since the reaction is easily 
controlled. Examples of the used .solvent are the same as the 
above-mentioned hydrocarbon solvents in the cyoiization 
.reaction, 
[0032;] 

The used amount, of the. polar -group- containing compound 
is appropriately selected;,, and is in such a range that, the rate 
of the introduced polar .group is usually from 0.1 to 200 
:mi 11 imol.es , preferably from 1 to 1.00 : m.fllimcles , .more preferably 
from 5 to 5.0 milliraol.es per 100 g of the modif iedcycl i zed rubber> 
['0033'] 

The reaction for introducing the polar group can be 
conducted under any one of applied pressure, reduced pressure, 
and atmospheric pressure . The reaction, is desirably conducted, 
under atmospheric pressure from the viewpoint of easiness of 
operation therefor. :When the reaction is conducted in dry gas 
flew, in particular in the atmosphere of dry nitrogen or dry 
argon, side reactions originating from water content can be 
restrained. 

It is advisable to decide the reaction temperature or the 
reaction time in accordance with a usual method. The reaction 
temperature is usually from 30 to 250°C, preferably from 60 to 
200°C, and the reaction time i>s usually from 0.5 to 5. hours, 
preferably from 1 to .3 hours . 
[0034] 

If necessary, the cyclized rubber may further contain 
additives such as a filler, an antistatic agent, an age resistor, 



lubricant/ .=a crosslinking agent., an anti-blpcklng agent./ a 
cfiiSxant ■, a light ray blacking agent, and an ultraviolet 
: absorbent... 
[0035] 

The polymer substrate used in the present invention, is 
a substrate in which the above-mentioned cyclized rubber is 
incorporated into a polymer -molding material . The 
incorporated amount of the cyclized rubber is usually f rom 0,1 
to 50 parts by weight, preferably, from 0.5 to 20 parts by •weight-, 
more preferably from 1 to :1.0 parts- by weight; for .100 parts by 
weight of the polymer -molding material. If the ■incorporated 
amount, is too small, the adhesiveness of the thin -f ilm, thereto 
■tends to be poor. Conversely, if the amount is too large,, 
mechanical strength of -the polymer substrate, may lower.. 
[0036] 

Examples of the. polymer -molding •material "which 
constitutes the polymer substrate in the present invention 
include thermoplastic .resin.,- curing resin, and elastomer. 
[0037] 

Examples of the thermoplastic, resin- include hydrocarbon 
resin, polyester resin, polyamide resin, poiyimide resin, 
poly-ether imide resin,, polysulf one resin, polyethersuif one 
resin,, pol-yetheret her ketone resin., pol ycarbonate resin, 
•polyvinyl bu/tyrate resln> and pel yary late resin ■. 
10038: 

Examples of the curing: resin include acrylic resin., phenol 
resin,; eresol resin, urea resin, m.e.lamine resin, al-kyd resin, 
furan resin,, unsaturated polyester resin, epoxy resin, and 
urethane : resin. 



In connection with the manner of the curing, for example., 
the following materials can fee listed up: a material cured fey 
irradiation with active radiating, rays such as ultraviolet rays 
or an electron, beam; a material cured by polymerizing a monomer 
with applied heat in the presence of a catalyst; and a material 
cured by mixing two liquids and then, heating the liquids;,; 
[QC39] 

■Examples of the elastomer include vulcanized rubbers such 
as natural rubber, polybutadiene rubber, styrene-butadiene 
rubber:, and acrylonitriie-butadiene rubber; olefin 
thermoplastic elastomers, styrene thermoplastic elastomers, 
polyester thermoplastic elastomers, and polyamide 
thermoplastic .elastomers . 
(00401 

The polymer substrate made of ; any non-polar polymer out 
of the above-mentioned polymers causes the. adhesiveness thereof 
to the thin film to be remarkably improved. Examples o.f such 
a non-polar polymer include hydrocarbon resins.. Of these,, 
linear olefin resin and cyclic olefin resin are preferred. 
[0041] 

Specific examples of the linear olefin resin include 
homopoiymers and copolymers made from an ct-olef in having 2 to 
4 carbon atoms, such as ethylene, propylene or butene . Of these, 
polyethylene and polypropylene resins are preferred and 
polypropylene resin is. more preferred from the viewpoint of 
mult iu s ab Hit y . 
100:42] 

The polypropylene resin is not limited to any especial 
kind if the res-in is :.a polymer or copolymer obtained by 
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polymerizing monomers made mainly of propylene. Examples 

thereof include a homopolymer from propylene, 

propylene-ethylene .random copolymer, pro.pylene-a-plef in 

random, copolymer., and pro.pyien«-ethylene-ec~Glef in ternary 
polymers. 

:{-0043'i 

An example ;of the . cyclie-olef in resin is norbornene-based 
resin described in JP-A No. 7-231928 • .Such a norbo rnene -based 
resin is a resin obtained by polymerizing materials containing 
at least, a no r bo r n en e -ba sed monomer.. Examples thereof include 

(i) a ring -opened (eo) polymer of a norbornene-based monomer, 
and. polymers subjected to polymer-modi fi cation such as addition 
of male! c acid or addition of oyclopentadierte as the need arises; 

(ii) resin in. which the (i ) :1s .hydragenated:; :( iii) resin obtained 
by addition-polymerizing a norbornene-based monomer / and (i.v) 
resin obtained by additio;n : - ! Oopoiymeri,zlng a norbornene-based 
monomer. :with : an olefin monomer such as ethylene or- an ^olef in. 
The method for the polymerization and the method for' the 
h.ydrogenation can be conducted in a usual way. 

[0044] 

Examples of the norbornene-based monomer include 
norbornene and ai.kyl- and/or a 1 kylidene-subst i t u ted products 
such as 5-methy 1-2 -norbornene, b - diraet hyl -2 -norbornene , 
S-ethyl-:2 -norbornene'., 5 -butyl - 2 norbornene and 
5-ethyiidene-2 -norbornene, and polar-group-substituted 
products thereof , which are substituted with a polar group such 
as a halogen; dieyoippentadieae and 

2 , 3 -dihyd r odi cyciopent a d x ene ; dimethanooc t a hy d r onaph tha lene , 
alkyl- and/or :alkyliden.e-s : uhstituf ed products thereof, and 
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polsr-graup-suhstituted products thereof, which are 
substituted with a polar group such as a halogen, for example,, 
6-methyl- L, 4 : 5 ,.8-dimethano- 1,4, 4a, 5, 6, 7 ., 8 , 8a-octahydronapht 
halone, 

6-ethyl-l.,. 4 : 5, S-dimefchano-i, 4, 4a, 5, 6, 7, 8 , 8a-oct.ahydronaphth 
alene.y 

6-ethylidene-l, 4 :5:,:8-dimethano-l, 4 ,4a, 5, 6, 7, 8, 8a-octahydron 
aphtha] eno, 

6-chloro-l , 4 : 5, 8 -diinethanp-1.,,4 , 4a, 5 : , 6, 7 , 8 , 8a-octahydronapht 
ha 1 ene , 

6 -cyanc- 1 , 4 : 5 ; , 8 -d i methane- 1 , 4 , 4a, 5, 6, 7, 8 , 8a-.0c.tahy.dronaph th 
alene, 

6-pyridyl-l, 4:.: 5, 8-di.methano-l, 4 , 4a, 5, 6, 7,8, 8a-octahydronaph 
thale.ne, and 

6-methoxycarbonyl-l , 4: 5, 8-dimethano-l , 4, 4a, 5, 6, 7 , 8, 8a-octah 
ydr onaph t ha 1 ene ; an adduct of cyciopentadiene and 
tetrahydroinde.ne or the like; triraer.s or tetramers of 
cycio.pentadinehe., for example, 

4,. 5., •S-di.iue.thahe-Sa/^, 4a., 5,8,8a, 9,. 9a-octahydro-lH:-be:nzOind 
ene, and 

4,11: 5, 10: 6, 9-trimethano-3a, 4. , 4a, % 5a, 6, 9, 9a, 10, 10a, 11 , 11a- 

dodeqa : hydr.o^i'H^cycaopent.a.an.thraf:e.n^-. 
■004 5] 

The norbornene -based, resin which can be used, in the 
present invention is preferably a resin in which the 
■weight -average molecular .weight, which is measured by gel 
permeation chromatography (GFC) Using a toluene or cyelohexane 
solvent:, is usually from 1,000 to 1, 000, 000, preferably from 
10,000 to 500,000, more preferably from 20,000 to IQO^OOG. If 
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the weight-average molecular -weight is too small, the :phy$i&al 
strength of the polymer substrate may be poor.. Conversely,, if 
it is too large, the resin may not be molded with ease.. 
[004 6] 

When, the no rbo rnene -ba sed resin is :a resin obtained by 
hydrogenating a ring -opened polymer made from a 
norbornene^based monomer, the hydrogenation ratio thereof is 
preferably 90% or more, more preferably :95% or more., in 
particular preferably 991 or more from the viewpoint of 
resistance, against thermal deterioration,, .resistance against 
optical deterioration and others. 
[0.04 7] 

The polymer may be used alone or in combination of two 
or more thereof., 
[0C48] 

If necessary, the pel ymer-moldin g material may contain, 
besides the above-mentioned polymer, additives such as a filler, 
an antistatic agent., an age: resistor., a lubricant., a 
crosslinking agent, an anti-blocking agent, a colorant, a light 
ray blocking agent, and an ultraviolet absorbent. . 
[004 9] 

The method for incorporating the cyclized. rubber into the 
polymer-mo Iding- material is not particularly limited. Usually, 
a method of melting and kneading the components is adopted. 
[00501 

The shape of the polymer substrate is not particularly 
limited,, and examples thereof are various shapes depend entiy 
on. a final product, such as spherical, rodlike, columnar, plate, 
sheet, and film forms . 
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[0051] 

The polymer substrate is usually molded by a molding 
method, known in the prior art, and then used.. Examples of the 
molding method include, extrusion molding., cast molding, 
calendar molding, vacuum molding, 1n3ec.t1.on molding, inflation 
molding, and blow molding. 
'[£052 J 

Examples of the ;molded product of the polymer substrate 
include a film molded product-, an Injection -molded product , an 
extrusion molded product, a -vacuum molded product, and a. blow 
molded pro-duct-. Of these,, a film-molded product and an Inject ion 
molded product can be preferably used. 
[-0053] 

The film .molded product :may be, for example, a 
n on- oriented film molded by extrusion molding or east .molding.,. 
: or may be a oriented film produced by drawing this non-oriented 
film by a drawing method such as moeoaxial drawing, 
tenter -system sequential biaxial drawing, tenter-system 
simultaneous biaxial drawing.,, or tubular system simultaneous 
biaxial drawing. Of these, an oriented film can. be preferably 
used . 

The thickness of the film is appropriately selected in 
the accordance with the use purpose thereof, and is usually from 
1 to I, 000 pin-, preferably from 5 to 500 Mm, more preferably from 
10 to 200 ym. 

The width or the length of the film is hot particularly 
limited, .and is appropriately selected in the .accordance with 
the use purpose. 
[0054] 
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The thin f ilfti in the present invention is : a .film laminated 
on the surface -of the polymer substrate by .a dry film- forming 
.method , 
.( 00.55] 

.In the present invention, the dry film- forming method is 
usually a method of converting a metal, a metal oxide,, ah organic 
material or the like into gas, and then forming the film on a 
surface :.of a substrate. This method is classified into a 
.physical film- forming method and. a chemical film- forming 
method.. 
[0056] 

Examples of the physical film- forming method include 
vacuum vapor-deposition, sputtering;, ion plating, and. ion 
implantation. 

Examples of the. chemical, film- forming method .include 
chemical Vapor depositions (CVDs.) such, as thermal CVD, optical 
CVD, 'plasma enhanced" CVDs (such, as microwave CVD and high., 
frequency CVD) . 
[0057 j 

Examples of the material of the thin, film include metals 
such as aluminum, zinc, nickel, zirconium, gold, silver, tin, 
indium, titanium and chromium;, metal oxides such as silicon 
oxide-, aluminum .oxide, magnesium oxide, and. zirconium oxide; 
metal nitrides such as SiN, CrN, TIN and TiAlN : ; and ; materia Is 
a typical composition of which is. CxHy . 
[0.058] 

The film thickness of the thin film is not particularly 
limited, and is usually from 1 hm to 100 urn, preferably from 
10 nm. to 10 ■Ufa. 
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[0059] 

The selection of the material of the. thin film makes it 
possible to: yield a laminate 'having the following fiin<2tio.ns : :: : 
for example, eolOrability, masking property/ lubricity, 
anti-blocking property, anti static property:, -gas barrier 
property, water vapor barrier property, water resistance, 
bydrophiiicity, abrasion; resistance-, def og-ging property, 

easy-writable property, and lusterless property.. 

[006.0] 

The thin film may be formed on. the whole surface of the 
polymer substrate, may be partially formed:, or may be formed 
into a specific pattern. 
(006:1] 

The laminate of the present invention may be a product 
produced by forming, on the surface of the above-mentioned thin 
film, a mono- layered -or multi-layered film made of materials 
different from the material of the thin film by a dry 
fi lm- forming met hod « 
[00,62] 

The process for producing a laminate of the present 
invention is characterised ih that the step of laminating a thin 
film, on a surface of a polymer substrate produced by 
incorporating a conjugated diene polymer cyclized product or 
a derivative thereof by a dry film- forming method. 
.[0063] 

It is advisable that conditions for the. dry film-forming 
method are appropriately selected in accordance with the kind 
of the adopted dry film- forming method, the material of the thin 
film, and the film thickness of the thin film.. 
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[0064] 

'Th e laminate of the present invent Ion can be used :for 
various purposes, and can .be preferably used, as, for example.,; 
automobile exterior members such as a bumper, a .corner bumper, 
3 bumper air-dam skirt, a mud- .guard-, a side braid:, a. wheel cap, 
a spoiler, a side step, and a dbo.r mirror base; automobile 
interior members such as an instrument panel , a lever, a -knob-, 
a dashboard, and a door liner; electrical equipment parts such 
as a connector/ a cap plug, a pot, a. refrigerator, lighting 
equipment, audio equipment, and OA equipment,; daily necessaries 
such :as a color box and a storage case ; and gas barrier wrapping 
films such, as food wrappings for cup noodles, confectionery > 
vegetables, and so on, and textile wrappings for shirts, 
T-shirts, panty.hose,. and sooru The: .film vapor-deposited with 
■a : metal can be in particular preferably used for wrappings for 
foods, such as potato ch ips, for which moisture-proofing and 
oxygen barrier property are necessary. 
[-•30:65] 
[Examples] 

The present .invent ion -will be more - specifically-described 
by the following examples.. The word "part (s) " and the symbol 
vv %" in the following description are those based on weight •unless 
otherwise specified. 
[3 06 61 

Analysis and evaluation were made, as follows : 
.{;T) Weight -average molecular weight [Mw) of each polymer 

The. weight -aver age molecular -weight. (Mu) was obtained as 
a value in terms of standard polystyrene by gel permeation 
chromatography 
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(2) Cyell-zation. ratio of each cyclized rubber 

The eye ligation ratio was obtained by 1 H-NMR analysis in 
accordance with a :met : hbd described ,in the following documents 
(i) .and (ii) . 

(i) M. a , Go. Tub and J, Heller. Can. J,. Chem, 41, 937 (1963) , 
and 

(ii) Y,< Tanaka and H, Sato, J, Polym. Sci: Poly. Chem. Ed. , I?, 
3027 U979} . 

[00.67] 

(3.) Amount of polar groups in each modified cyclized rubber 
.ft cyclized rubber modified with maleic anhydride has an 
acid anhydride group originating from the added maleic acid and 
a carboxyi group obtained by the hydrolysis of the acid anhydride 
group.. .The Courier transform infrared .spectrum of this 
cyclized rubber was measured:/, and the strength of the peak .{1760 
to 1780 cm"') of the acid anhydride group was. measured, and then 
the content of the acid anhydride group was obtained by a 
calibration curve method.. In the same way, the strength of the 
peak. (17Q0 Cm"*) of the cafboxyl group was measured', and then 
the content, of the carboxyi group- .was obtained by a calibration 
curve method. 

The hydroxy! value of each cyclrzed rubber modified with 
a hydroxy! -containing compound was measured, according to a 
method described, in "Standard Oil and Fat Analysis Test, method 
(Japan. Gil Chemists' Society) " 2, 4., 9, 2-83. From. this. hydroxy! 
value., the amount of hydroxyl in the modified cyclized. rubber 
was calculated . 
[0068] 

(40 Adhesiveness (observation with a transmission electron 
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microscope.) 

& cross section of each obtained laminate film was 
observed with a transmission electron microscope., and the 
adhesiveness of its silicon oxide : f iim was judged on the 
following criterion.. The results are shown in '-Table I.. 

0,i The silicon oxide was . not -peeled over the whole of the 
observed, cross section.. 

The silicon, oxide was peeled oyer the whole, of the 
observed Cross section . 
10069] 

(Synthesis Example 1) 

Into a pressure resistant reactor equipped with a stirrer, 
.a thermometer, a rex lux condenser and a nitrogen, gas introducing 
tube were charged 30.0 parts of polyisoprene (cis-1,4 units : 73%, 
trans- 1,'4 units-: 22%,, 3, .4. -units :: 5%, weight-average molecular 
weight: 17 4, Q0.0) cut into pieces 10 ritra cubic together with 70,0 
parts of toluene (polymer concentration: 30%) . The reactor was 
.purged with, nitrogen., and -then heated to .80 6 C, While the 
solution was stirred, the polyisoprene was completely dissolved 
into toluene. Thereafter, 2,. 07 parts of p-tolu-enesulfonic acid 
(anhydrous ) was charged into the solution to conduct cycli Nation 
reaction at SQ°C. After about <j hours , a 25% solution of sodium 
carbonate in water, containing 0,. 8 part of sodium carbonate., 
was charged into the solution to quench the reaction-. The. 
solution :was. stirred at 30°C for 30 minutes . Thereafter, 2 parts 
of a filtration aid (Radio Light) was added thereto, and a filter 
(GA-1C0, manufactured by Adyantec T.oyo Kaisha., Ltd.), made of 
glass f iber and. having pores of 1 ^im diameter, was used to remove 
the residue of the catalyst. 

2:6 



To this solution was added 0.3 part of an age resistor 
(Trganox 1010, manufactured by Chi.b/a Specialty Chemicals'). , and 
then toluene, was removed at 16-Q°(X When the concentration of 
solid contents in the solution turned into 70 to. 75% by weight, 
the solution was poured into: a metal vat coated with a 
fluorine-contained resin, and then dried under a- reduced 
pressure at 75 P G so as to yield a cyclized rubber A, The 
resultant cyclized rubber. ?A was analyzed.. The results are shown 
in Table 1. 
[0:070] 

(Synthesis Example 2} 

:h cyclized rubber B was yielded in the same way as- in 
.Synthesis Example .1 except that polyiso.prene containing '68% of 
cis-1, 4 units,, '25%. of trans-1, A units and 7% of 3, 4 -units, and. 
having a weight -average molecular weight of 92 , 100 was used as 
pOlyisoprene, the .used, amount of p-toiuenesulf'oni c .acid 

{subjected to reflux and dehydration so as to set the amount 
.of water content to 150 ppm or less in toluene.) was changed to 
•2,,8'i parts,, : and the reaction was quenched by charging a 25% 
solution of sodium carbonate in water, containing 1. OS parts 
of sodium carbonate, The .resultant cyclized rubber 8 was 
analyzed. The results are. shown in Table 1. 

[0071J 

(Synthesis Example 3) 

Into a. pressure resistant reactor equipped with a stirrer, 
a thermometer, a reflux. condenser and a. nitrogen gas introducing 
tube: were charged 300 parts of polyisoprene (cis-1,-4 units.: 70%, 
trans-1, 4 units,: 24 4, 3, 4-un.its: 6%, weight-average molecular 
weight: 141,000:) cut into pieces 10 ram cubic together with 700 
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parts of toluene (polymer concentration : 30%) . The reactor was 
purged with nitrogen, and then heated to 8Q°C. While the 
solution was stirred, the polyisqpriene was completely dissolved 
into toluene. Thereafter, 2. 69 parts of p-toluenesuif onic acid 
(anhydrous) were, charged into the solution to conduct 
■cyclization reaction at S0°C. After about .4 hours , .a 25%. 
solution of sodium carbonate in water, containing 1.03 parts 
of sodium carbonate, was charged into the solution to quench 
the reaction. The solution was stirred at 80°C .for 30 minutes . 
Thereafter, 2 parts of a filtration aid (Radio hi ght ) were added 
thereto, and a filter {GA-100, manufactured by Advantec Toyo. 
Kai.sha., Ltd.).,, made of glass fiber and having pores of 1 pm 
diameter, was used to remove the residue of the catalyst. 

To this solution 'was added 0,3 part of ;an age resistor 
(Irganox 1010, manufactured by Chiba Specialty Chemicals) , and 
then toluene wag removed at 160°G. When the concentration of 
solid contents in the solution turned into 7 : 0- to 75% by weight, 
..9 parts of maleic anhydride were ..charged into the solution, to 
conduct reaction at 180°C for 1 hour . After the reaction, 
unreacted maleic anhydride and -toluene .were removed .while 
nitrogen was caused to flow at 180°C . Thereafter , the resultant 
was dried under a reduced pressure .at 15°C so as to yield :a 
modified cyclizod rubber G, The resultant modified cyclized 
rubber C was analyzed. The .results are shown in Table 1. 
[00 7.2 J 

(Synthesis Example 4) 

into a pressure resistant reactor equipped with, a stirrer f 
a thermometer, a reflux condenser and. a nitrogen gas. introducing 
tube were charged 300 parts of polyisoprene (eis-1,4 units: 68%, 
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tE.ans-1,,4 units: 25%, 3, 4 -units: 7%, weight-aver^e mole'cvilai; 
weight: 92/100) cut into pieces 1.0 mm cubic together with 700 
parts of to.lue.ne (polymer con cent rat ion; 301).- The reactor was 
purged with nitrogen, and then, heated to. 8Q°G.. While the 
solutiGn. was..stlrred.y the polyisoprene was completely dissolved 
into toluene. Thereafter, 2 . 07 parts of .p-t-0.1u : enes.u.lf onic. acid 
(anhydrous ) were charged into the solution to conduct 
cyclization reaction at 80°C. After about 4 hours., a .25% 
solution of sodium carbonate in water., containing 0.8 part of 
sodium carbonate., iwas charged into the solution to gueneh the 
reaction. The solution was stirred at 80°C for 30 minutes. 
Thereafter, 2 parts of a. filtration: aid {-Radio Light) were added 
.thereto, and a filter ;(GA-100, manufactured by Adyantee Toyo 
Kaisha, Ltd.), made of glass fiber and having pores of 1 um 
diameter :r was used, to remove the residue: of the catalyst. 

To this solution .was added 0.3 part of an age resistor 
(Irganox 1010, manufactured by Chiba Specialty Chemicals) , and 
then toluene was removed at 160°C. When the concentration of 
solid contents in the solution turned into. 50 to 60% by weight, 
15 parts of hydroxye.thyl acryiate and i. 5 ..parts of an aso type, 
initiator, ACHN { 1 , 1-a z obis - 1 -eye l.ohexan eca rbon.i t r i 1 e ) , were 
charged into the solution to conduct reaction at 140 o C for 1 
hour. After the. reaction, unreacted : hydroxy.ethyi methacrylate. 
: and toluene were removed while nitrogen, -was caused to flow at 
L4O 0 C< Thereafter,, the solution was poured, into a metal vat 
coated with a fluorine -contained resin, and then dried under 
a reduced pressure -.at 7S°C so as to yield a modified cyclized 
rubber D . This cyclized rubber D was analyzed . The. results are 
shown in Table 1 . 
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[0073] 
(Example 1} 

rive parts of the cyclized rubber A, 95 parts of 
polypropylene (F-200S, manufactured by Idemitsu Kosan Co.., 
ltd. } and 0.0.1 part of Irganox 10.10 (manufactured by Chiba 
Specialty Chemicals) were mixed In a. Hens Che 1 mixer, and then 
a .biaxial •■extruder was used to melt and knead the: mixture ; at 
20.0°C : to yield pellets . : Amonoaxiai extruder was used to extrude 
■the pellets from a multi-manifold shaped T die at a resin, 
temperature of 250°c and a cooling roll temperature of 30°0, 
thereby yielding a sheet of 1000 jjm thickness. This sheet was 
drawn 5 times in the lengthwise -direction with, a drawing roll 
heated to 125°C, and next the sheet was drawn 10 times in the 
lateral direction in a tenter in which hot. wind of 1-55-C 
temperature was circulated. Furthermore, the sheet was. 
.the.rma.lly. .set at 70 6 C for 2 seconds to yield a biaxial-oriented 
film. The thickness of the film was .25 pru 
1007 41 

A winding type vacuum evaporation device was used, SiO 
(manufactured by SUMITOMO TITANIUM CORPORATION) was used, as a 
va.p.pr-d.e:po:sited. material, and .this was vaporised onto a face 
of the resultant film in. a high-frequency heating manner., Under 
a Condition that the pressure was 8 x 1(T 5 Torr, a silicon oxide 
film of 25 nm thickness was laminated ' onto the. face, 
[0075] 

The adhesiveness- of the silicon oxide film in the 
resultant laminate film was evaluated by observation with a 
transmission, electron microscope. The result is shown in Table 
1, 
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.[007 6; 

(Examples 2 to 4) 

The same way as in Example 1 was performed except that 
the cyciized rubber A was changed .into each of the (modified} 
cyeiized rubbers E to B, so as to yi el d laminates in which a 
silicon oxide film was laminated. The adhesiveness of the 
silicon oxide film in each o.f the films was evaluated by 
observation with a transmission electron ^microscope . The 
results are shown in Table "1. 

[0077} 

{Comparative Example 1) 

A laminate film in which a silicon oxide; film was laminated 
was yielded in. the same way as in Example 1 except that the 
cyciized rubber A was not incorporated and the, amount of. the 
incorporated polypropylene (T-2Q0S, manufactured by T demits u 
•Kosan Co, , ltd.) was changed into 10:0 parts . The adhesiveness 
of the. silicon oxide film in this film was evaluated by 
observation with, a transmission electron microscope- The 
result is shown in Table 1 . 
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(00781 
Table I 





Examples 


Comparative 
Example 




1 


2 


3 


4 : 


1 


: (Modified) cyctized rubber 


. A ■ 


B 


C 


D 




Weight-average molecular weight 
Cyciization ratio 

; Amount of polar group contained 


134,800 
74 


73,000 
75 


113,800 
79 


76.000 
75 




{mmoi/lOOg) 
Anhydride group 
Carboxyi group 
Hydroxyl group 






23 
25 . 


36 




Adhesiveness of the thin film 


G 


O 


O 


0 


X 



[007 9] 



It is understood from Table 1 that the oriented film of 
polypropylene into which no cyclized .rubber was incorporated 
was a laminate very poor in adhesiveness to the silicon oxide 
thin film (Comparative Example 1) while the oriented films pf 
polypropylene in which the cyclized rubber of the present 
invention was .incorporated were good .in adhesiveness to the 
silicon oxide thin film (Examples 1 .to 4) . 
[OOSQ] 

[Effect of the Invention] 

According to the present invention, provided, are a 
laminate which Is good in adhesiveness between its substrate 
.and ..its thin film laminated thereon. by a dry film-forming method 
such as a chemical vapor growth method or a vacuum evaporation 
..method even if the substrate Is a polymer substrate made of- a 
n.onpolar polymer, and a process for producing the same. This 
laminate can foe applied to various, usages. 



.[Document Title] ABSTRACT 
[Abstract] 

[Ob ject ] The -present invention provides a laminate which, is 
good in adhesiveness between its -substrate and its thin film 
lamina ted thereon by a dry ..film- farming method such as a chemical 
vapor growth method or a vacuum .evaporation ..method even if the 
■substrate is a polymer substrate made of a nonpolar polymer/ 
and a process for producing the same, 

[Means of solution] A laminate, comprising: a polymer 
substrate comprising a cyciized -rubber which is a conjugated 
diene polymer cyciized product or a derivative thereof., and a 
■thin, film .laminated, on the surface of the polymer subs t rare by : 
a dry film-forming method. 
[Selected Drawings] None 
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